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RESEARCH MEMORANDUM

AFRODYNAMIC CHARACTERISTICS AT TRANSONIC SPEEDS OF A
60° DELTA WING EQUIPPED WITH A CONSTANT-CHORD
FLAP-TYPE CONTROL WITH AND WITHOUT

AN UNSHIEIDED HORN BALANCE

TRANSORIC-BUMP METHOD

By Harleth G. Wiley and Leon Zontek
SUMMARY .

An investigation to determine the control hinge moments and effec-
tiveness at transonic speeds of a delta wing equipped with a constant-
chord flep-type control with end without an unshielded triangular horn
. balance was made in the Lengley high-speed 7- by 10-foot tunnel by means
of the transonic-bump method. The wing was & semispan model with 60° of
sweepback at the leading edge, an aspect ratio of 2.31, a taper ratio
of 0, and an NACA 65-006 airfoll section parallel to the free air stream.
The Mach number range investigated varied from 0.6 to 1.18; the mean
Reynolds numbers varied from 1,100,000 to 1,400,000.

The data Indicated that the horn-balance control was consistently
more effective in changing 1ift at &ll Mach numbers than was the plain
control but there was no appreclable difference in pitching-moment
effectiveness. ’

Use of the triangular horn balance materislly reduced the variation
of hinge-moment coefficients with control deflection at all Mach numbers
investigated end produced large positive wvalues of Cha at subsonlc

speeds tending toward zero at supersonic speeds.

INTRODUCTION

As part of an integrated program of transonic research carried on
by the National Advisory Committee for Aeronsutics, a semispan model of
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a delta wing with 60° of sweepback at the leading edge, with an NACA
65-006 airfoil section, and with various control-surfece configurations
is being investigated by the transonic-bump method in the Langley high-
speed T- by 10-foot tunnel. :

The results of an investigation of the model of a 60° delta wing
with a triangular control having & skewed hinge axlis and an overhang
balance are given in reference 1. Presented in this paper are the
results of an Investigation of the model of the delta wing equipped with
& constant-chord plain control, and with the control fitted with a large
unshielded triangular horn balance. The purpose of the investigation
was to determine and compare the control hinge moments and control-~
effectiveness parameters of the two configurations.

COEFFICIENTS AND SYMBOLS

or 1ift coefficient (?Wice 1ift ofq;emispan mode%)
Ch pitching-moment coefficient referred to 0.25¢

Twice pitching moment of semispan mode?)

qST

Ch control hinge-moment cocefficient about hinge axis

Hinge moment

2Mlq

q effective dynamic pressure over span of model, pounds

per squere foot (% pV2>
S twice wing area of semispan model (0.lL4 sq ft)
b twice span of semispan model (0.578 f£t)

b/2
3 mean aerodynamic chord of wing %ljn cedy, 0.333 ft
0

y spanwise distance from plane of symmetry, feet
c local wing chord, feet
M area nmoment of control surface rearward of hinge axis,

measured about hinge axis (0.001k4 £t3)
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mass density of air; slugd per cubic foot

p
v average free-stream air velocity, feet per second
M effective Mach number over span of model
Mg average chordwlse Mach number
M, local Mach number
R Reynolds number of wing based on T
o angle of attack, degrees
el control deflection relative to wing-chord plane, measured
perpendicular to control hinge exis (positive when
trailing edge is down), degrees
<BCL\
oC
Cp. ={( —2 g The subscript o indicates that the angle of attack
S o8 was held constant at o = 0°.
oC
Chm %) -
5 The subscript 8 indicates that the control deflection
o aCL was held constant at & = 0°.
e 5 J

MODEL AND APPARATUS

Separate wing models were used for each control configuration. The
semispen wings had 60° of sweepback at the leading edge, 0° sweep at
the trailing edge, & taper ratio of 0, an aspect ratio of 2.31, and an
NACA 65-006 airfoil section parallel to the free air stream. A sketch
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of the models as mounted on thz transonic bump 1s presented in figure 1.
The wings were made of a bismuth and tin alloy bonded to a tapered steel
core. Wing contours were generated by straight-llne elements from the
tip to the eirfoil section at the root.

Both controls were similar rearward of the hinge line in that they
hed a constant chord equal to 20 percent of the rcot chord of the wing.
The area rearward of the hinge line was 36 percent of the total wing
area. The unshielded horn bslance, triasngular in shape, was mounted at
the tip and the area was 41 percent of the control area rearward of the
hinge line (fig. 1). Both controls had two support hinges: one about
1/3 span outboard on the wing and the other concealed in the housing
of the bump.

The models were mounted on an electrical strain-gage balance which
was enclosed within a chamber in the bump The balance chamber was
sealed except for a small rectangular clearance hole in the turn table
through which an extension of the wing core passed. This hole wes
covered by a curved wing-root end plate, attached directly to the wing
spar (fig. 1) and mounted approximately 1/16 inch above, and parallel
to, the surface of the bump.

The wing 1ift, pitching moments, and control hinge moments were
indicated by a calibrated electrical potentiometer.

TESTS

The tests were made in the Langley high-speed T- by 10-foot tunnel
utilizing an adaption of the NACA wing-flow technique for obtaining
transonic speeds. The technique used involves placing the model in the
high~velocity flow field generasted over the curved surface of a bump
as described in reference 2. '

Typical contours of the local Mach number distribution over the
test area of the bump with the model removed are shown in figure 2.
The contours indicate that there was & Mach number variation of about
0.04 over the wing semispan at low Mach numbers and about 0.05 at the
higher Mach numbers. The maximum chordwise Mach number variation was
about 0.03. No attempt has been made to evaluate the effects of these
chordwise and spanwise Mach number variations. The long dashed lines
near the root of the wing indicate a local Mach number approximately
5 percent below the maximum value and represent the estimasted thick~
ness of the bump boundary layer. The effective test Mach number was
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obtained from contour charts similar *o those presented in figure 2 by

using the relationship
/2
M—_-s- CM-ad.y

The variation of mean Reynolds number with Mach number is presented
in figure 3 and varied from about 1,100,000 to about 1,400,000. The
boundaries on the figure are an indicetion of the pcossible range in
Reynolds number caused by variations in test conditions.

Force and moment data were obtained through a Mach number range
of 0.6 to 1.18, an angle-of-attack range of -29 to 8%, and a control-
deflection range of -10° to 10° for the plain control and -10° to T7°
for the horn-balance control.

CORRECTIONS

The 1ift and pitching moments represent data for the complete wing
with controls mounted on both semispans. Aerodynamic effects on the
wing of the attached end plate are unknown and consequently cannot be
taken into account. The effects of the plate on 1ift, pitching moment,
and control hinge moment are believed to be negligible. The controls
and the wing proper, when statically loaded to anticipated air-load
limits, were found to have negliglible deflection in torsion and bending;
therefore, no corrections for flexibility were applied.

RESULTS

The variations of 1lift, piltching-moment, and hinge-moment coeffi-
cients with control deflections for the angle-of-attack range at Mach
numbers of 0.6, 1.00, and 1.18 for the plain contrcl are presented in
figures 4 to 6. Similar data for the balanced control are presented in
figures 7 to 9. Figures 10 and 11 present the varlation of 1ift, pitching-
moment, and hinge-moment coefficients with control deflections at zero
angle of attack through the Mach number range for the plsin and balanced
controls, respectively.

The variation of hinge-moment coefficient Cp at zero control

deflection with angle of attack at each Mach number investigated 1s pre-
sented for both controls in figure 12, and a similar chart of 1ift coeffi-
cient C; 1is presented in figure 13.
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Hinge-moment and control-effectiveness parameters are presented in
figures 14 end 15 and were taken from figures 4 to 13 over a range of
angle of attack or control deflection of +20.

Although the models employed symmetrical airfoil sections, asymmetry
of data is apparent in figures L4 to 11. This asymmetry can be attri-
buted to small inaccuracies in construction and to slight errors in
setting angle of attack and control deflections during the tests.

DISCUSSION

Longitudinal Characteristics

Examination of figure 14 indicates that the horn-balance control
was 40 to 80 percent more effective in producing changes in 1ift
throughout the Mach number range than was the plain control, as might
be expected because of the increased control area. Although both
controls exhibited loss in 1ift effectiveness ebove M = 0.95, there
was no appreciable difference in pitching-moment effectiveness for the
two controls. The low value of pilitching-moment effectiveness of the
balanced control, which occurs In spite of the increase in 1lift effec-
tiveness, 1s probably caused by a simultanecus forward movement of the
center of pressure. The veriations of 1lift and pitching moment with
control deflection were more linear for the baslanced control than for
the plain control.

Hinge-Moment Characteristics

The plein control exhibited negative values of Cha throughout the

Mach number range, as seen 1ln flgures 12 and 15. Addition of the trian-
gular horn balance resulted in positive values of Cha at subsonic

speeds and approximetely zero Cha at supersonic speeds.

Examination of the hinge-moment parameter Ch8 for the plain

control (fig. 14) reveals & negative increase with Mach number up to

M = 0.97 with a sharp reversal and consequent decrease In the transonic
speed range. Use of the horn balance on the control materially reduced
the hinge moments at all speeds dnd obtained aerodynamic balance at
Mach numbers less than M = 0.8,
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The large positive vaelues of Cy of the horn control can be
o

explained by consideration of the location of the center of 1lift. The
Gesign of the horn was dictated by the reguirement that cha be zero

at all Mach numbers. An elliptical spanwise loading was assumed as
predicted in reference 3 with the center of 1ift at the center of wing
area or at 0.50c. Reference 4 shows, however, that the center of 1lift
of a delta wing is nearer 0.40C at a Mach number of 0.6, indicating a
general forward shift in local sectlion centers of 1ift and explaining
the overbalance with angle of attack at low Mach numbers. The center of
1lift then moves rearward with increase in Mach number until it approaches
the theoretical position of 0.50c at and zbove sonic velocities with
the consequent reduction in overbalance and the subsequent attsinment
of virtually complete aerodynamic balance with angle of attack at
supersonic speeds.

The rearward shift in center of 1ift with increase in Mach number
is also the reason for the high negative increese in Ch6 above a

Mach number of 0.8 as presented in figure 1l4. At Mach numbers less

than 0.8, the aerodynamic load and center of 1lift of the horn were such
as to balance the hinge moment of the control rearward of the hinge

line. Increase In Mach number progressively shifted the local center

of 1ift of the horn and control rearward, thus promoting a large negative
increase in ChS for the control surface.

Comparison with Other Delta-Wing Control Investigations

The plein control tested and described in this paper is generally
similar to the constant-chord controls tested on other delta wings
described in references L4 to 6. The physical characteristics and control
parameters of the plain control of this peper and of the reference
papers are presented in figure 16.

Examination of hinge-moment parameters Ch8 for the four controls
shows fair qualitative agreement in that Ch6 increases with Mach

number up to sonic speeds wilth & general tendency to decrease above
M=1.0.

The greatest discrepancy in trends in the comparisons of the char-
acteristics of the delta wings and plain controls of this paper and the
reference papers appears in the lift-effectiveness parameters CLS'

Data obtalned by the transonlc-bump technique of this paper and by the
rocket-powered model of reference 6 are in good agreement and the same

N
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general trend of decrease in CL8 with Mach number is exhibited in

reference 4. The data of reference 5 show a g8light increase in CL6
with Mach number in the subsonlc range.

Curves of CLa against Mach number show the same qualitative

trend of increasing velues with increase in Mach number up to M = 1.0
with a decrease beginning near & Mach number of unity.

CONCLUDING REMARKS

The results of an investigation on a 60° delta-wing model equipped
with a constant-chord control with and without unshielded horn balance
showed that the horn-balance control was more effective in producing a
change in 1ift throughout the transonic Mach number range than was
the plain control. Differences in pitching moment for the plain
and horn-balance controls were negligible.

Application of the horn balance to the control overbalanced the
control to give high positive values of the hinge-moment coefficient
with angle of attack chm in the subsonic speed range and egsentially

zero hinge moments with angle of attack above & Mach number of 1.0.
Use of the balance materially reduced the values of Ch5 at all speeds,

actually obtaining serodynamic balance at Mach numbers less than 0.8.

Langley Aeronautical lLaboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Plain fiap outhire TABULATED WING DATA
k——Hinge centerline Area (twice semispan) 0./44 sq ft
23 X120 Mean aerodynemic chord 03331t
e J6O — / Aspect ratio 2%
' Airfoil section paralle/
fo free airstreom NACAE5-006
i Je
32 1
-l "
[ RN
l94 S
7€ ) /~Reference
f < centerfine
- a00 ~ Bump surface
™~ Cenfterline of balance
normal to bump surface
750
0 / 2
[» = & ¥ o =Set—
. Scale ,inches
P e RS
\\\\\‘ \::::71\~—t3ﬁ’
L End plate '3'2L thick

Figure 1.- General arrangements of 60° swept delta-wing models, aspect
ratio 2,31, NACA 65-006 airfoil having a 0.20-constant-chord flap-
type control with and without an wnehielded triangular horn balance.
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